In information retrieval research; Genetic Algorithms (GA) can be used to find global solutions in many difficult problems. This study used different similarity measures (Dice, Inner Product) in the VSM, for each similarity measure we compared ten different GA approaches based on different fitness functions, different mutations and different crossover strategies to find the best strategy and fitness function that can be used when the data collection is the Arabic language. Our results shows that the different GA approaches have differences in their results, the best IR system found is the one that uses the Inner Product similarity as a fitness with one-point crossover operator.
Introduction
Information retrieval (IR) can be defined as the study of how to determine and retrieve from a corpus of stored information the portions which are responsive to particular information needs [1] . IR is also concerned with text representation, text storage, text organization, and the retrieval of stored information items that are similar in some sense to information requests received from users. The major information retrieval model includes: the vector space model, Boolean model, Fuzzy sets model and the probabilistic retrieval model. These models are used to find the similarity between the query and the documents in order to retrieve the documents that represent the query. Vector space model usually use Cosine, DICE, Jaccard, or Inner Product as a similarity measures. The similarity then used to evaluate the effectiveness of IR system using two measures: Precision which is a ratio that compares the number of relevant documents found to the total number of returned documents [2] , and Recall which is the system's ability to retrieve all related documents of a query [2] . The IR models have the local optimal solution problem that can be solved using GA.
A GA is a heuristic search algorithm based on the natural selection and genetics ideas [3] . The GA approach has gained importance and popularity because of its ability in finding a global solution in many difficult problems such as NP-hard problems. In this paper; and for each similarity measure (Dice, and Inner Product) in the vector space model we will implement and compare ten different genetic algorithms settings with different crossover techniques, mutation techniques, and fitness functions to optimize the user query. As a test collection; we are going to use an Arabic data collection which was presented for the first time by [16] ; this collection contains 242 documents and 59 queries, the correct answer (relevant documents) are known in advanced for each query.
More than twenty one Arab countries uses the Arabic as the official language, and more than one billion Muslims around the world use it as their religious language. The difficulty of Arabic language compared to Indo-European languages comes from syntactic, morphologic, and semantic differences [13] . Arabic is more sparsed than English language which negatively affect the retrieval quality in Arabic language, Sparseness means that for the same text length, English words are repeated more often than Arabic [14, 15] . In written Arabic, many forms of writing for the same letter are exist. Letters in Arabic can have punctuation associated with them, this may change the meaning of two identical words. Finally; Arabic roots are more complex than English roots. The special properties for the Arabic language compared to other languages, and the absence of similar studies in the literature is our driver to conduct this study based on Arabic data collection. 
Previous Studies
There are several studies that used GA in information retrieval systems to optimize the user query based on English data collections such as [4, 5, 7, 6, 7, 5, 9, 10, 11, 12, 18] .
In their experiments for the VSM [8, 4, 6] , the authors presents many methods: the connectionist Hopfield network; the symbolic ID3/ID5R, evolution-based genetic algorithms, symbolic ID3 Algorithm, evolution-based genetic algorithms, Simulated Annealing, neural networks, genetic programming. The previous mentioned techniques are promising in their ability to analyze user queries and information needs, they can also suggest alternatives for the user search queries.
In [9, 11, 7, 5, 12 ] different mutation probabilities, new crossover operation, new fitness functions for the GA have been tested to improve the IR results in the VSM. Mercy and Naomie [10] ; and based on Vector Space Model and Probability Model they propose a data fusion approach that combine the retrieval status values, they used GA to find the most suitable linear combination of weights assigned to the scores of different retrieval system to get the best optimal retrieval performance.
Improving the performance of Arabic information system using GA is rare in the literature. In [17] an Arabic information retrieval system based on vector space model and GA was created to enhance the performance. The researchers used an adaptive matching function, which obtained from a weighted combination of four similarity measures (Dot, Cosine, Jaccard and Dice).
Arabic data collections gained a very little focus in the literature, and since the information retrieval (IR) is one of the most crucial components in search engines and their optimization would have a great effect on improving the searching efficiency, it is important to conduct a comprehensive comparison between different genetic algorithms settings for each similarity measure in the VSM to find the most useful setting when used with the Arabic data collections.
Vector Space Model (VSM)
The vector space model (VSM) is an IR model that represents the documents and queries as vectors in a multidimensional space, whose dimensions are the terms used to build an index to represent the documents [27].
In the vector space model the query and the document vectors are usually compared using different similarity measures [27] such as Cosine, DICE, Jaccard, and Inner Product, those similarity measures are shown in Table 1 . Wi,j in table 1 are the weights of the ith term in document j, and in the query respectively.
Genetic Algorithms (GA)
The basic concept of GA is designed to simulate processes in natural systems necessary for evolution. As such they represent an intelligent exploitation of a random search within a defined search space to solve the given problem.
GAs uses the idea of the survival of the fittest individuals within a given population. A population of strings (solutions to a specified problem) are created and maintained by the GA. The GA then iteratively creates new populations from the old by ranking the strings, then choose the fittest for interbreeding to create new strings that are hopefully will be closer to the optimum solution for the problem.
The GA algorithm flowchart is illustrated in Figure 1 . Genetic algorithm operations can be used to generate new and better generations. As shown in Figure 1 the genetic algorithm operations include:
A. The selection of the fittest individuals using the fitness function; this is called Reproduction.
B. The exchange of genes between two individual chromosome; this is called Crossover. There are many crossover strategies like n-point crossover [11] , restricted crossover [7] , uniform crossover [30], fusion operator [7] and dissociated crossover [7] . For the details about the mentioned crossover strategies you can see the related references.
C. The process of randomly altering the genes in a particular chromosome is called Mutation. In mutation there are two types of mutation: 
Experiment
In this study we used the same IR system that was built and implemented by Hanandeh [6] to deal with the 242 Arabic abstracts collected from the Saudi Arabian National Conference [16] . In this study we extracted the significant terms from the relevant and irrelevant documents then we assign weights to those extracted terms. A query vector is created using the binary weights of the terms, and then each query vector considered as a chromosome, then the GA is applied and considered with the final goal of getting an optimal or near optimal query vector, finally the result of the GA approach is compared with the result of the traditional IR system without using a GA to find differences.
This study was conducted using the following approach:
1) The chromosomes are represented as following: 
a) Binary representation is used for the chromosomes, then a random function is used to convert the chromosomes to a real representation. b) We will use the same number of genes as the query and the feedback documents. c) The size of the chromosomes will be chosen to be equal for the number of terms in the following set (feedback documents set + the query set). d) The query vector will be represented as a binary vector. e) Terms will be modified using random function. f) All of our proposed GA approaches will receive an initial population chromosomes equal to 15 , these 15 chromosomes are to the top 15 documents retrieved from traditional IR with respect to that query.
2) We will use Dice, and Inner Product similarity measures as fitness functions in this study.
3) the selection process for the chromosomes depends on the fitness function. The higher values of the fitness function the higher probability to be selected in the next generation.
4) In this study, two GA operators are used to produce offspring chromosomes, they are:
1. Crossover: it is used to mix two chromosomes together to form new one. In this paper crossover occurs with probability of Pc (Pc=0.8). In this study; different crossover strategies were used for the VSM : a) One-point crossover operator. b) Restricted crossover operator. c) Uniform crossover operator. d) Fusion operator. e) Dissociated crossover.
Mutation involves the modification of the gene values of a solution with a probability
Pm. In this paper we used a mutation probability equals to (Pm=0.7), also we adapted two different mutation strategies, they are: a) Point mutation. b) Chromosomal mutation. Finally we used the previous information to create a 10 GA strategies for each similarity measure (Dice, and Inner Product) in the VSM, Those strategies are as following: 1) GA1: GA that use one-point crossover operator and point mutation.
2) GA2: GA that use one-point crossover operator and chromosomal mutation. 3) GA3: GA that use restricted crossover operator and point mutation. 4) GA4: GA that use restricted crossover operator and chromosomal mutation. 5) GA5: GA that use uniform crossover operator and point mutation. 6) GA6: GA that use uniform crossover operator and chromosomal mutation. 7) GA7: GA that use fusion operator and point mutation. 8) GA8: GA that use fusion operator and chromosomal mutation. 9) GA9: GA that use dissociated crossover and point mutation. 10) GA10: GA that use dissociated crossover and chromosomal mutation.
Results for the GA strategies Using Dice Similarity
The results for the GA strategies using Dice similarity are shown in Table 2 and Table 3 . From those tables we notice that GA1, GA2, GA4, GA5, GA7, GA8, GA9 and GA10 give a high improvement than traditional IR system with 2.726679%, 4.256249%, 3.051032%, 5.940507%, 5.98964%, 6.095792%, 10.83388% and 9.757293% respectively while GA3 and GA6 give a low improvement than traditional IR system with -1.19504% and -4.68231% respectively. Which means that GA9 that use dissociated crossover and point mutation gives the highest improvement over the traditional approach with 10.83388%.
Results for the GA strategies Using Inner Product Similarity
The results for the GA strategies using Inner product similarity are shown in Table 4 and Table 5 . From those tables we notice that GA1, GA2, GA3, GA4, GA5,GA9 and GA10 give a high improvement than traditional IR system with 11.9444%, 3.355853%, 3.271745%, 3.203264%, 2.912908%, 5.074422% and 6.307254% respectively while GA6, GA8 and GA9 give a low improvement than traditional IR system with -2.71346%, -2.32334% and -3.60072% respectively. This means that GA1 that use GA that use one-point crossover operator and point mutation gives the highest improvement over the traditional approach with 11.9444%. Table 6 shows the comparison between Dice (GA9) and Inner Product (GA1). From this table we notice that the Inner Product (GA1) is better than Dice (GA9) in all recall levels. Which means that Inner Product(GA1) that use one-point crossover operator and point mutation and use Inner Product similarity as a fitness function represent the best IR system in VSM to be used with the Arabic data collection.
Conclusions
For each similarity measure (DICE and Inner Product) in the VSM we compared ten different GA approaches, and by calculating the improvement of each approach over the traditional IR system, we noticed that most approaches (GA1, GA2, GA4, GA5, GA8, GA9 and GA10) give improvements compared to the traditional IR system, also we noticed that in the inner product the one-point crossover operator and point mutation gives the highest improvement over the traditional approach. 
